Background: Micronutrient deficiencies are common during infancy, and optimal approaches for their prevention need to be identified. Objective: The objective was to compare the efficacy and acceptability of Sprinkles (SP), crushable Nutritabs (NT), and fat-based Nutributter (NB; 108 kcal/d), which provide 6, 16, and 19 vitamins and minerals, respectively, when used for home fortification of complementary foods. Design: Ghanaian infants were randomly assigned to receive SP (n ҃ 105), NT (n ҃ 105), or NB (n ҃ 103) daily from 6 to 12 mo of age. We assessed dietary intake, morbidity, and compliance weekly. Hemoglobin and plasma ferritin, TfR, C-reactive protein, and zinc were measured at 6 and 12 mo. We used an exit interview to assess acceptability. A randomly selected control group of infants who received no intervention (NI; n ҃ 96) were assessed at 12 mo. Results: All supplements were well accepted, and the mean percentage of days that supplements were consumed (87%) did not differ between groups. At 12 mo, all 3 intervention groups had significantly higher ferritin and lower TfR concentrations than did the NI control group. Mean (Ȁ SD) hemoglobin was significantly higher in NT (112 Ȁ 14 g/L) and NB (114 Ȁ 14 g/L) but not in SP (110 Ȁ 14 g/L) infants than in NI infants (106 Ȁ 14 g/L). The prevalence of iron deficiency anemia was 31% in the NI control group compared with 10% in the intervention groups combined (P 0.0001). Conclusion: All 3 options for home fortification of complementary foods are effective for reducing the prevalence of iron deficiency in such populations.
INTRODUCTION
Assuring an adequate micronutrient status in infants is a challenge, particularly in developing countries, and deficiencies of iron and other micronutrients, including zinc, remain public health problems in these countries (1) . In Ghana, a recent survey (2003 Ghana Demographic and Health Survey) showed that 80% of children 6 -11 mo of age were anemic (hemoglobin 110 g/L) and that almost 11% were severely anemic (hemoglobin 70 g/L). In a previous study that we conducted in a town Ȃ400 km north of Accra, nearly 30% of infants 6 mo of age had a hemoglobin concentration 100 g/L (2) . Because multiple micronutrient deficiencies often coexist and stunting is prevalent in Ghana, it is likely that Zn deficiency is also common among Ghanaian infants.
The deleterious effects of iron deficiency on cognitive development in infants are well documented, whereas zinc deficiency has been implicated in growth faltering (3) and increased morbidity, particularly diarrheal disease and pneumonia (4) . Because it may not be possible to reverse the adverse effects on cognitive development, optimal approaches for prevention are needed. Home fortification of complementary foods with Sprinkles (SP; 5), a crushable tablet (such as the Foodlet; 6), or a lipid-based nutrient supplement (a more concentrated version of Ready-toUse Therapeutic Food) has several advantages: it does not require major changes in dietary practices, allows the child to obtain a full dose of micronutrients when mixed with a small quantity of food, is better accepted than medicinal iron drops taken between meals, and is less expensive than centrally processed, fortified complementary foods. Evidence in support of the efficacy of home fortification is building. In Cambodia, SP added to home-prepared complementary foods increased the hemoglobin concentration of infants from 6 to 18 mo of age (7) . Similar results were found for Foodlet when added to complementary foods for infants in South Africa (8) . In Malawi, undernourished infants 6 -17 mo of age consuming modified Readyto-Use Therapeutic Food had a significantly greater hemoglobin concentration than did those who received no supplement (9) . Although SP can deliver several micronutrients at the same time, there is a limit to the number and amounts of nutrients that can be incorporated in its formulation, compared with Foodlet or the lipid-based nutrient supplements. Whereas lipid-based supplements provide some energy, essential fatty acids, and protein, the SP and Foodlet supplements do not.
The present study was part of a randomized trial to compare the ability of SP, a modified Foodlet (herein referred to as Nutritabs; NT), and a lipid-based nutrient supplement (herein referred to as Nutributter; NB) to improve the growth and micronutrient status of Ghanaian infants aged 6 -12 mo when added to homeprepared complementary foods. We also assessed acceptability, morbidity, and motor milestone acquisition. We reported previously that infants in the NB group had significantly greater weight gain and linear growth than did those in the SP and NT groups (combined), and that all 3 supplements increased the odds of being able to walk independently by 12 mo of age when compared with a nonintervention (NI) control group (10) . The objective of this study was to compare the effects of these 3 supplements on iron and zinc status and the acceptability of the supplements among infants and their mothers. These results are relevant to the use of these 3 supplements for anemia control and other nutrition programs for infants and young children in developing countries.
SUBJECTS AND METHODS

Study area and participants
The study was carried out in Koforidua in the Eastern Region of Ghana from February 2004 to June 2005. The town has a population of Ȃ87 000; annual rainfall averages Ȃ2030 mm. The principal complementary food in most households is a fermented maize-based porridge. All infants attending weightmonitoring sessions in Koforidua between February and September 2004 were potentially eligible. Children who were 5 mo of age and receiving breastmilk (whether or not exclusively) were considered eligible; those who were known to be asthmatic or allergic to peanuts or whose parents were planning to leave the study site during the next 7 mo were excluded.
The Human Subjects Review Committee of the University of California Davis and the Institutional Review Board of the Noguchi Memorial Institute for Medical Research, University of Ghana, approved the study protocol. The Eastern Regional Health Administration gave written permission to carry out the study in Koforidua, and we obtained written informed consent from the parents of each infant.
Study design
We designed the study as a community-based randomized trial involving 3 intervention groups and one Non-intervention (NI) group (total 4 groups). Because of logistical constraints, we could not include all infants who were eligible each week in the intervention groups. Therefore, we randomly selected Ȃ75% of the total number of eligible infants to enter the intervention trial. This was done on a weekly basis, when infants were 5 mo of age, by entering the identification numbers of the eligible infants in a dataset, and using an SAS data step (ranuni [1] le 0.75) to select those for the intervention. We began collecting weekly morbidity data starting at 5 mo of age for infants whose parents gave consent. At 6 mo, the intervention infants were randomly assigned (using opaque envelopes with group designations) to receive SP, NB, or NB until 12 mo of age.
The NI control infants were enrolled at 12 mo of age from among the 25% of those who were originally eligible but not selected for the intervention groups (n ҃ 170). We could not administer a placebo because of ethical concerns about providing no treatment to infants who may have tested low on certain assessments (eg, hemoglobin) at 6 mo of age; therefore, we included the NI control group for assessment at 12 mo of age as an alternative. For this reason, it was not possible to collect data for this control group at 6 mo. However, because the NI infants were randomly selected from the pool of initially eligible infants, they should have been similar to the other 3 groups initially.
Sample size
Because there were several primary outcomes (micronutrient status and growth), our strategy was to calculate the sample size based on detecting, for any outcome considered, differences between the 4 groups equivalent to or greater than Cohen's (1988) "medium" effect size of 0.5, ie, (difference/pooled SD) ҃ Cohen's d ҃ 0.5 (11) . This effect size indicates that there would be ͧ33% nonoverlap between the distribution of values for any 2 groups being compared (11) . An effect size of 0.5 would represent a difference of Ȃ7 g/L in hemoglobin, 17.5 g/L in plasma ferritin, 2.1 mg/L in plasma TfR (TfR), and 1.2 mol/L in plasma zinc, based on our observed SDs. With 0.05 ␣ and 80% power, the required sample size per group was 87. Allowing for 15% attrition in the 3 intervention groups, the target sample size for each of those groups was 102. At 12 mo, to achieve the target sample size of 87 for the NI control group, we randomly selected 130 of the 170 eligible children, assuming that some of the parents would have moved away or decline to participate in the study.
Micronutrient supplements
The nutrient composition of the 3 supplements is reported in Table 1 . SP was manufactured by Ped-Med Inc, Canada, in single sachets (dose ҃ 1 sachet/d). NT (1 tablet/d) was manufactured by Laboratoires Pharmaceutiques Rodael SA (Bierne, France) and supplied by Nutriset SA, which also manufactured the NB. NT was provided to the mothers in plastic bags, and the NB (20 g/d) was provided in foil packs equipped with screw caps (net weight ҃ 200 g). NT and NB were designed so that the daily dose would generally provide the needed amounts from complementary foods for all of the key nutrients (12, 13) . Because of technical difficulties associated with adding the desired amounts of the 4 macro-minerals (calcium, potassium, magnesium, and phosphorous), we included as much calcium, potassium, and phosphorous as possible in both supplements and maintained the amounts of magnesium (and manganese) already contributed by the ingredients of the NB. Because of logistical problems at the start of the study, we had to use SP from a batch that was available at the time, which had slightly higher amounts of iron and zinc (and different chemical compositions of these 2 minerals) than contained in NT and NB. Similar types of SP have been used in Cambodia (7) , and the doses were consistent with recommended daily intakes.
Recruitment and follow-up
Mothers (parents) whose infants were randomly selected at 5 mo were visited in the home to verify eligibility, explain the study protocol in detail, and obtain written informed consent. Fieldworkers delivered supplements to the intervention children at 6 -12 mo of age in their homes each week and instructed the mothers to administer the daily dose in a single meal, 7 d/wk. To ensure that children consumed the entire dose, mothers were told 930 ADU-AFARWUAH ET AL to mix the supplement with 1-2 tablespoons (15-30 g) of the child's food. Mothers were supplied with cups and spoons, which helped those with infants in the NB group to measure the recommended dose. Because of the spotty house-numbering system at the study site (for which reason we assigned each fieldworker to a specific area of the town), each mother was generally seen by the same fieldworker each week. After the NI control children were selected at 12 mo of age, their mothers (parents) were contacted for recruitment, as was done for the intervention children at 6 mo of age.
Data and blood sample collection
Using pretested questionnaires, fieldworkers collected background and socioeconomic status data at home at the time of recruitment (at 5 mo for the intervention groups and at 12 mo for the NI control group). We recorded the infants' birth dates and weights from Immunization and Weighing Cards.
Fieldworkers visited the homes of the intervention children weekly to collect morbidity data from 5 to 12 mo and information on food intake and supplement consumption from 6 to 12 mo. Leftover supplements were collected and recorded each week. A fieldworker who had previously been trained for the World Health Organization Multicenter Growth Reference Study completed naked weight, recumbent length, and head circumference measurements at 6, 9, and 12 mo and assessed 4 gross motor milestones (standing with assistance, walking with assistance, standing independently, and walking independently) at 12 mo using protocols described for the Multicenter Growth Reference Study (14, 15) . We collected venous blood samples (using heparin-treated, trace element-free tubes) at 6 and 12 mo while the intervention children were still receiving the supplements.
Blood samples (nonfasting) were collected in the morning and immediately placed on ice. Plasma was separated within 1 h by centrifugation at 1750 ҂ g for 10 min at room temperature and divided into aliquots that were stored frozen at Ҁ40°C until further analyzed. Blood smears were prepared for malaria screening. The anthropometrist also measured the mother's weight using an electronic weighing scale (SECA 770; Seca, Hamburg, Germany) and height by using a standing height measurement microtoise at the time that her child was measured at 6 mo.
For the NI control children, data on morbidity and food intake were collected at the time of recruitment at 12 mo, for the week before the interview. Immediately after recruitment, anthropometric measurements were performed (including those of mothers), gross motor milestones were assessed, and venous blood samples were collected, as was done for the intervention children.
Assessment of supplement acceptability
We used an exit interview at the end of supplementation (ie, at 12 mo) to assess each mother's (and her child's) attitudes toward the supplement (such as size or quantity of the daily amount of supplement used, ease of use, children's acceptance of food mixed with the supplement, and overall acceptability) and to ask about possible future use of the supplement. The questionnaire for this assessment, which was pretested before the study and administered at home to mothers by their previously assigned fieldworkers, was developed on the basis of our previous knowledge of the characteristics of mothers and complementary feeding behavior at the study area and some of the practical issues that are likely to arise from using (or wanting to use) the supplements in low-income populations. For most questions, we provided 3 options for response, which reflected a positive, neutral, or negative reaction. In addition, we gave mothers the chance to explain or comment on the responses they gave. Using 3 estimates (US $0.03/d, 0.05/d, and 0.08/d) of what the local cost of the supplement might be if produced large scale (and assuming local ingredients as the basis for NB), we asked mothers if they would purchase the product at each price. Finally, we asked mothers if they sometimes administered the recommended dose without mixing it with any food, juice, or water; by mixing it with foods or juices other than cereal porridge; by mixing it with water; or by giving it in small doses 2-3 times during the day.
Biochemical measurements
We measured hemoglobin and plasma ferritin, TfR, and C-reactive protein (CRP) for all children for whom a blood sample was available. Hemoglobin was measured by using the Hemocue instrument (Hemocue Inc, Mission Viejo, CA) within 3 min of drawing blood. Ferritin was analyzed by the Coat-ACount Immunoradiometric assay kit (Diagnostic Products Corporation, Los Angeles, CA), TfR was analyzed by enzymelinked immunosorbent assay (Ramco Laboratories Inc, Stafford, CT), and CRP, an index of concurrent infection, by radial immunodiffusion (The Binding Site Inc, San Diego, CA). Because of the difficulty of drawing blood from some children, we determined plasma zinc in a subsample of children in each group for whom we had enough plasma for all the other intended biochemical assays (n ҃ 55-69 per group) by using inductively coupled plasma mass spectrometry (16) at the Children's Hospital Oakland Research Institute, Oakland, CA. We calculated that a minimum sample size of 50 per group for comparing 4 treatment groups (SigmaStat; Systat Software, Richmond, CA) would give 80% power for detecting a mean difference in plasma zinc of ͧ1 mol/L, with 0.05 ␣, assuming a SD of 1.5 mol/L (from a set of 38 previously analyzed samples).
Malarial screening
At each blood draw, we screened all children for malarial parasites by staining blood smears with 2% Giemsa stain in phosphate-buffered saline and examining the smear under a microscope at 1000҂ magnification (17) .
Statistical analysis
Data were analyzed by using SAS version 8.1 (SAS Institute, Inc, Cary, NC). Background demographic and socioeconomic differences between all 4 groups and blood indexes between the 3 intervention groups at 6 mo were analyzed by using analysis of variance or a chi-square test. Because we did not collect direct information on household income and expenditure, we created 2 household "wealth factors" from a set of 14 socioeconomic status variables using factor analysis with varimax rotation as proxy indicators for household economic status (18) . We used the first factor to create an index ("amenities factor") to represent household amenities, such as type and location of toilet facility, and the second factor to create an index ("electronic items factor") to represent ownership of electronic items, such as television and radiocassette. Low values of these factors indicated poor households, and high values indicated wealthy households. Adherence to treatment was determined as the percentage of scheduled days on which the supplement was reportedly added to the child's food, and the median adherence with 95% CI was calculated by bootstrapping (19) .
Analysis of outcome data were based on intention-to-treat, ie, regardless of adherence to treatment. Because we based our sample size on the detection of differences between 4 groups, our aim was to compare all 4 groups at 12 mo. However, because we had no baseline biochemical data for the NI control children at 6 mo, differences in hemoglobin (g/L) and plasma TfR (mg/L), ferritin (g/L) and zinc (mol/L) (with Tukey adjustment for pairwise comparisons) at 12 mo were assessed twice, first among the 3 intervention groups with control for the 6-mo values and sex (because of baseline differences) and then among all 4 groups with control for sex only by using analysis of covariance. We natural log transformed ferritin and TfR values before analysis. Prevalence of low (100 g/L) hemoglobin (20) , low (5 and 12 g/L) ferritin (2, 20) , high (11 mg/L) TfR (20) , iron deficiency anemia (hemoglobin 100 g/L with ferritin 12 g/L or TfR 11 mg/L) (2, 20) , low (9.9 mol/L) plasma zinc (21), positive malaria smear, and elevated (11 mg/L) CRP concentration among intervention groups at 6 mo, and among all groups at 12 mo, were compared by using chi-square tests. For low ferritin, we used 2 cutoff points, 12 g/L and 5 g/L, first to be consistent with our previous study in Ghana (2) , in which we used the 12 g/L cutoff, and second, because of a recent study showing that a lower cutoff point of 5 g/L may be more appropriate for infants Ȃ9 mo of age (20) . Changes in anemia prevalence within intervention groups from 6 to 12 mo were analyzed by using McNemar's chi square. We calculated the odds of being anemic and of having iron deficiency anemia at 12 mo for the intervention groups by using multiple logistic regression with adjustment for child sex and with the NI control group serving as the reference category. Subjects (15 of 261 at 6 mo and 28 of 351 at 12 mo) with a CRP concentration 11 mg/L were excluded from all analyses that included ferritin. We used a CRP cutoff point of 11 mg/L, rather than 8 (2) or 10 (22) mg/L, because the kit used a cutoff of 11 mg/L corresponding to a clear demarcation (5.0-mm ring diameter) on the measuring device. We analyzed the indices of supplement acceptability by using chisquared tests, and compared mean values for how much mothers in each group said they were willing to pay for a week's supply of the supplement by using ANOVA. In all analyses, we used a significance level of 0.05.
RESULTS
Recruitment and attrition
In total, 612 infants were identified for possible inclusion in the study, of whom 442 were randomly selected at 5 mo of age for the intervention trial (Figure 1) . Parents of 44 infants (10%) declined participation, 30 infants (7%) were unable to participate because of the time constraints of their parents, and we could not locate the homes of 55 infants (12%). The remaining 313 attended the blood sampling at 6 mo and at that time were randomly assigned into 1 of the 3 intervention groups. Of these, 15 infants moved away from the study area (SP: n ҃ 7; NT: n ҃ 3; NB: n ҃ 5), and 298 completed the study.
Of the 130 infants randomly selected for the NI control group, the parents of 9 (7.0%) infants declined, 25 (19%) could not be located, and the remaining 96 (74%) were included. For both the intervention and nonintervention groups, we could not assess differences between refusals and nonrefusals because the only data we had at that stage were the inclusion criteria.
Subject characteristics and adherence to treatment
The 3 intervention groups did not differ significantly in baseline characteristics (Table 2) , hemoglobin, iron status, or plasma zinc (Table 3) , except for the fact that there were significantly more males in the NB group (61%) compared with the other 2 groups (SP: 48%; NT: 43%), and the NT group had a significantly lower mean weight, and consequently, a lower mean weight-for-age and weight-for-length than did the SP and NB groups. The subsample of children with sufficient plasma for the zinc assessments did not differ significantly in sex or background socioeconomic and demographic characteristics from those without sufficient plasma for these assessments (data not shown). In comparisons that included all 4 groups, there were no significant differences in characteristics, except for the abovementioned sex difference. At 
Effect of micronutrient supplementation on anemia, iron status, and plasma zinc
At 12 mo (Table 4) , there were no significant differences between the 3 intervention groups (3-group comparison) in mean hemoglobin, plasma zinc, or geometric mean plasma ferritin or TfR concentrations. When all 4 groups were compared, the NT and NB groups, but not the SP group, had significantly greater mean hemoglobin than did the NI control group. All 3 intervention groups had a significantly lower mean TfR concentration and greater ferritin concentration than did the NI control group. There were no significant differences in mean plasma zinc concentrations between groups, and control for the CRP concentration (elevated compared with not elevated) and time of day when blood was collected did not alter these results. Between 6 and 12 mo, the percentage of infants with anemia (hemoglobin 100 g/L; 23) decreased significantly (by 11-12%) in all 3 intervention groups, from 23-30% at 6 mo (Table  3) to 10 -18% at 12 mo ( Table 5 ). The prevalence of low ferritin (using the cutoff point of either 5 or 12 g/L) and high TfR did not change significantly in any of the intervention groups, whereas the prevalence of iron deficiency anemia decreased significantly in the NT group, but not in the SP or NB groups. At 12 mo, there were no significant differences in the prevalence of anemia, iron deficiency, or iron deficiency anemia between the 3 intervention groups. In the NI control group, 32% of the infants were anemic, compared with 15% for the intervention infants as a whole (P ҃ 0.0008); 45% had high TfR, compared with 20% for the combined intervention groups (P 0.0001); 54% had low ferritin (using the ferritin cutoff of 12 g/L), compared with 26% of the intervention infants (P 0.0001); and 31% had iron deficiency anemia, compared with 10% in the intervention groups combined (P 0.0001). Using the NI control group as the reference, the odds of being anemic or having iron deficiency anemia at 12 mo were significantly lower in all 3 intervention groups (Table 5 ). These odds remained virtually unchanged and significant after adjustment for child's sex. There were no significant differences between groups in the percentage of infants with plasma zinc 9.9 mol/L.
Malaria and elevated CRP
The percentage of children who had a positive smear for malarial parasites did not differ between groups at either 6 mo (intervention groups: range 0 -1%; Table 3 ) or 12 mo (all 4 groups: range 2.0 -8.3%; Table 5 ). Similarly, the groups did not differ in the percentage of children with elevated CRP at either 6 mo (range: 3.4 -10.7%) or 12 mo (range: 3.6 -12.2%).
Acceptability of supplements
There were no significant differences between groups regarding the mothers' responses to most questions about acceptability of the supplements ( Table 6) . Nearly all mothers liked giving the supplements to their children and believed that consumption of the supplements benefited their children's health; and 89 -99% said that they would be willing to pay ͧUS$0.36 for a week's supply. The percentage of mothers who admitted giving the supplement alone (without mixing it with food, water, or juice) or in small doses several times in the day some of the time was significantly higher in the NB group (15% and 16%, respectively) than in the other 2 groups (3-4% and 3-10%, respectively). However, a significantly lower percentage of mothers in the NB group (16%) said that they sometimes mixed the supplement with foods other than fermented cereal porridge, in contrast with 48% in the SP and 36% in the NT group. More of the mothers in the NB group were willing to buy the supplement at each of the suggested prices (US$0.05/d or US$0.08/d) than were mothers in the other 2 groups. The mean amount that mothers in the NB group were willing to spend for a week's dose (US$0.74/wk) was significantly higher than the amount cited by mothers in the SP (US$0.56/wk) or NT (US$0.53/wk) groups.
DISCUSSION
The 3 supplements had similar effects on hemoglobin and iron status of the infants at 12 mo; all 3 intervention groups had significantly greater iron status than did the NI control group. Hemoglobin was significantly higher in the NT and NB infants, but not in SP infants, than in the NI control infants. It is unlikely 4 Subjects with CRP 11 mg/L were excluded. 5 Defined as hemoglobin 100 g/L with ferritin 12 g/L or TfR 11 mg/L. 6 Subjects for whom we had enough plasma at both 6 and 12 mo and for all the other intended biochemical assays.
that the lack of significant difference in the hemoglobin concentration in the SP group, compared with the NI control infants, was due to noncompliance, which did not differ between the intervention groups. Nor was it likely to be due to a difference in the effect of SP on iron status, because the mean ferritin and TfR concentrations in the SP group were very similar to those in the NB group. An alternative possibility is that other micronutrient deficiencies, possibly vitamins B-6 and B-12, limited hemoglobin synthesis in the SP group, given that the other 2 intervention groups received these vitamins. In Mexico, children with higher initial plasma vitamin B-12 concentrations were more likely to have a hemoglobin response to iron supplements than were children with lower plasma vitamin B-12 (24) . In China, a study of women of childbearing age suggested that vitamin B-6 contributed to the prevalence of anemia (25) . The risk of anemia or iron deficiency at 12 mo was significantly lower in all 3 intervention groups than in the NI control group: 32% of the NI infants were anemic and 28% had iron deficiency anemia at 12 mo, whereas these rates were 15% and 9%, respectively, in the intervention groups. As was reported by others (7, 26) , some anemia still remained in the intervention groups, even among the NT and NB children, who received a full complement of micronutrients. Although malaria could play a role (27) , only 6.8% of the 44 intervention children with anemia at 12 mo were smear-positive for malaria, and we found no significant difference (t test; data not shown) in hemoglobin concentration between children with and without malaria in the 3 intervention groups. Other possible reasons could be infections and/or other factors such as sickle cell disease (28) .
None of the 3 supplements had a significant effect on plasma zinc concentrations in the subsample of infants for whom this was assessed. This is not entirely surprising because, in our previous study in Ghana, a cereal-legume blend fortified with micronutrients (including zinc and iron) had no effect on plasma zinc after 6 mo of supplementation, compared with products without added micronutrients (2) , and in South Africa, the addition of a Foodlet (compared with placebo) to complementary foods also did not affect plasma zinc (8) . Possible reasons for this lack of response include 1) zinc absorption from these supplements, when added to maize-based complementary foods, may have been low, or 2) absorbed zinc may have been preferentially taken up by nonplasma pools.
Our results regarding the efficacy of these supplements for preventing anemia and iron deficiency are consistent with those of other studies of multiple micronutrient supplementation. Multiple micronutrient supplementation increased hemoglobin and iron status of Vietnamese infants (29) and 1-3-y-old Indian children (30) . In Cambodia, SP with the same nutrient composition and concentration as those used in this study were effective in the treatment and prevention of anemia and for maintaining plasma ferritin concentrations, when added to complementary foods for 12 mo, between 6 and 18 mo of age (7) . In a 4-nation study (31) , the multiple micronutrient Foodlet, which had a composition comparable with the NT, had significant positive effects on hemoglobin and iron status in cohorts of Indonesian (32), Peruvian (26), South African (8), and Vietnamese (33) infants. Lopriore et al (34) showed that a highly nutrient-dense fat-based spread fortified with vitamins and minerals produced an Ȃ2-fold increase in hemoglobin concentration compared with a control group, although the children in that study were older. A smaller 3 Based on the percentage of mothers who gave a positive response to each question, from the 3 response options in the questionnaire (positive, neutral, or negative). 4 Values are x Ȁ SD; P value for group differences by ANOVA; means with different superscript letters are significantly different, P 0.05. study in Malawi, in which a fat-based spread was provided to undernourished 6 -17-mo-old-infants, also showed a significant effect on hemoglobin concentration (9) . The results of the exit interviews indicate that all 3 supplements were well accepted. No significant side effects were reported, because nearly all mothers reported no major problems feeding their children with the supplements. The fact that mothers were willing to pay relatively more for the NB suggests that mothers valued that supplement more than the other 2, possibly because it was packaged in a large (200 g), attractive sachet and was perceived as a food rather than as a powder or pill. In this study, each mother had experience with only 1 of the 3 supplements; therefore, it is not clear what their responses would have been if they had the option to decide which of the 3 they preferred most. However, our findings suggest that NB may receive high acceptance if the supplements were sold at an affordable price to mothers in a programmatic situation. The estimated cost of the dose of NB used in this study (20 g /d) is ȂUS$0.06 -0.07/d, which is more than the estimated cost of powders or crushable tablets (ȂUS$0.02-0.03/d) but less than the mean amount that mothers in the NB group said that they would be willing to pay (ȂUS$0.10/d). We were not surprised that higher percentages of mothers in the NB group than in the other 2 groups said they sometimes gave the supplement alone or in small doses several times per day, given that the NB was perceived as a food, and the daily dose of 20 g was larger than the dose of the other 2 supplements. Given the growing concern about possible negative effects of iron-containing supplements (35, 36) , administering the supplements in small doses throughout the day might be safer than giving them in a single meal. Mixing the supplements with foods other than cereal porridge some of the time allowed the mothers greater flexibility in their use.
The study had a few limitations. Although the NT and NB supplements were generally similar in the form and concentration of the nutrients that were common to both, we could not achieve the same composition with the SP because of logistical issues associated with their manufacture at the time of the study. Thus, whereas the NT and NB supplements contained 9 mg Fe as ferrous sulfate, the SP supplement contained 12.5 mg Fe as ferrous fumarate. However, iron absorption from ferrous fumarate is known to be significantly lower than that from ferrous sulfate (37); therefore, it is possible that SP did not provide any more absorbed iron to the infants than did NT and NB. A second limitation of this study was that it was not feasible to mask the mothers to the micronutrient supplements because of the different inherent characteristics of the products. However, the phlebotomist who measured hemoglobin concentrations and the technicians who performed the ferritin and TfR analyses were masked to group assignment. The same fieldworker who visited the mother during the intervention period also conducted the exit interview on acceptability, and it is possible that this could have influenced the mother's responses to the questions. To minimize this effect, we encouraged all mothers to give their frank opinions of the supplements. Another limitation of our design is that the home visits throughout the study period for the 3 supplement groups (but not the NI control group) may have influenced the amount of attention given to the children and, thus, the children's health status, even if no supplements had been provided (the Hawthorne effect). However, this does not affect the comparisons made across the 3 supplement groups. Strengths of the study were the low dropout rate (4.8%) and the lack of any significant difference in baseline characteristics between the dropouts and the participants. This suggests that the results are generalizable to the study population.
We conclude that all 3 micronutrient supplements were well accepted and had similar effects on iron status. Other results (10) also show that all 3 supplements significantly increased the odds of walking independently at 12 mo and that the NB supplement improved weight and length gain. Our study provides further evidence that home fortification of complementary foods with multiple micronutrient supplements is an effective option for reducing the prevalence of iron deficiency and anemia in children living in settings where iron-rich complementary foods are not available.
